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AN ANTENNA WITH PARTIALLY SPHERICAL DIELECTRIC LENSES 

The present invention relates to an antenna and in particular to a multiple 
beam antenna. More particularly, but not exclusively, the invention relates to a low- 
profile multiple beam antenna operable to provide at least hemispherical coverage. 

Lens-based multiple beam antennae are known to offer a viable and lower 
cost alternative to phased array antennae for use in a range of applications, both 
military and non-military. In particular, multiple beam antennae with electronically 
switched beams and spherical dielectric lenses are known which are able to produce 
a wide field of coverage while avoiding some of the engineering issues that can arise 
with phased array antennae. 

In US 2003/0006941, a multiple beam antenna comprises a hemispherical 
dielectric lens with multiple associated switchably selectable antenna feed elements, 
the lens being mounted adjacent to a reflector and being operable to provide 
directional coverage. 

Multiple beam antennae may use spherical or partially spherical dielectric 
lenses, e.g. hemispherical lenses, in particular lenses known as "Luneburg" lenses 
having a continuously varying or step-graded index profile. In a known arrangement, 
a so-called "virtual source" antenna comprises a half (hemispherical) Luneburg 
lenses mounted adjacent to a conducting ground plane. When signals are injected 
into the lens at a certain angle by one of a number of switchable radiating elements 
disposed around a portion of the lens, radiation emerges from the lens, is reflected 
off the ground plane, and re-enters the lens at a different angle, so simulating the 
effect of a virtual source of radiation as if a full spherical Luneburg lens were being 
used. 

Several methods of fabricating Luneburg lenses, capable of operating at 
microwave frequencies, have been developed. The most common method uses a 
hemispherical shell construction yielding an approximate stepped or graded index 
profile. 



US Patent number 5,781,163 describes an antenna arrangement based upon 
hemispherical dielectric lenses arranged as a collinear array of half Luneburg lenses 



mounted on a common ground plane, providing a low profile, low radar cross 
section, high-gain antenna. Each hemispherical lens is fed by a single radiating feed 
element mounted on a feed arm. Beam pointing is achieved by rotating the ground 
plane and moving all radiating feed elements simultaneously along their feed arms. 

In one particular type of large array of full or half Luneburg lenses, it has been 
proposed to build a radiometer with exceptionally high gain. The antenna in that case 
was designed to operate at low microwave frequencies, typically less than around 5 
GHz. Although low radar cross section is not an issue at these frequencies, half 
Luneburg lenses may be preferred because the ground plane offers a way of 
mechanically supporting the weight of the lenses. Each lens may be fed by a single 
radiating element or clusters of elements that are mounted on feed arms and are 
mechanically steered. 

In known arrangements above, in order to provide at least 
hemispherical coverage, a certain amount of mechanical steering is required to the 
antenna. 

From a first aspect, the present invention resides in an antenna, comprising a 
first group of part-spherical dielectric lenses support e d on a first port i on of a 
conduct i ng ground p l an e arrang e d to ref le ct signa l s e m e rg i ng from th e le ns, e ach of 
th e le nses hav i ng a plura l ity of assoc i at e d switchably s ele ctabl e antenna f o od 
ele m e nts d i spos e d around th e p e riphery of at l e ast on e s e ctor of th e l e ns for 
i nj e cting s i gnals i nto and/or r e c e iv i ng s i gna l s propagat e d by th e le ns, wh e r ei n oach 
le ns and th e assoc i at e d f ee d e l e m e nts of th e first group has a d i fferent orientation 
and i s op e rab le to prov i d e cov e rag e i n r e sp e ct of a different reg i on, and a second 
group of on e or mor e sph e r i ca l or part sph e rica l dielectr i c le nses and associated 
sw i tchab l y s ele ctab le ant e nna f ee d e lem e nts oriontod and oporab l o to prov i de 
cov e rag e to a r e g i on oth e r than that cov e r e d by le nses of the first group each 
supported on a first, substantially annular portion of a conducting ground plane 
surrounding a well-like portion of the antenna, each of the lenses of the first group 
having a plurality of associated switchably selectable antenna feed elements 
disposed around the periphery of the lens for injecting signals into and/or receiving 
signals emerging from at least one sector of the lens, wherein lenses of the first 
group and their associated feed elements have different orientations and are 
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operable to provide coverage in respect of different regions, and a second group of 
one or more spherical or part-spherical dielectric lenses and associated switchablv 
selectable antenna feed elements located within said well-like portion of the antenna, 
oriented and operable to provide coverage to a region other than those covered by 
lenses of the first group . 

Utilising the spherical symmetry of the lens, a relatively wide field of view may 
be provided by each lens, ideally without blockage between the switchably 
selectable antenna feed elements. Moreover, deployment of one or more lenses in 
the well-like region of the antenna enables 

I n a pr e f e rr e d e mbod i m e nt, th e f i rst port i on of th e conduct i ng ground plan e i s 
substant i a ll y annular and surrounds a w e l l- l i k e portion of th e ant e nna, and th e 
second group of ono or moro l onsos is locat e d with i n that wel l li ke portion. I n that 
wayr a greater angle of coverage may to be provided without increasing the overall 
height of the antenna arrangement above a mounting surface. The conducting 
ground plane may further comprise a second portion inclined differently to the first 
portion, and the second group of one or more lenses comprises at least one part- 
spherical lens supported by the second portion of the ground plane, for example 
where the second portion of the ground plane forms the side-walls of the well-like 
portion of the antenna. 

In an alternative arrangement, rather than mounting part-spherical lenses on 
ground plane walls of the well-like portion, a single spherical lens may be located 
within the well-like portion of the antenna to provide equivalent coverage to an 
arrangement of part-spherical lenses mounted within the well. 

Preferably, the first portion of the ground plane surrounds a 
substantially square well-like portion and the first group of one or more lenses 
comprises four part-spherical lenses disposed with substantially equal spacing 
around the well-like portion. Where the second portion of the ground plane forms the 
side-walls of a square well-like portion of the antenna, preferably inclined at 
approximately 45 degrees to the corresponding sections of the first portion of the 
ground plane, one part-spherical lens may be mounted on each of the four walls of 
the well. 
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In a further preferred embodiment of the present invention, the conducting 
ground plane further comprises a third portion inclined differently to the first and 
second portions and the antenna further comprises a third group of one or more part- 
spherical dielectric lenses, each having a plurality of associated switchably 
selectable antenna feed elements, supported by the third portion of the conducting 
ground plane and operable to provide coverage to a different region to those covered 
by the first and second groups of lenses. 

Preferably antenna feed elements are located on the surface of each lens or 
at a convenient distance away from the lens surface, preferably on the focal surface 
of the lens. Antenna feed elements of preferred antennae may either transmit a 
beam into any desired direction (transmit mode) or receive a signal from any desired 
direction (receive mode) from within the solid angle of view of the antenna, 
preferably at least hemispherical. 

Conveniently antennae are mounted on flat surfaces. By arranging 
hemispherical lenses or combinations of hemispherical and spherical lenses in this 
manner, the antenna extends only half as far above a surface as was previously the 
case compared with conventional antennae employing full spherical lenses or 
reflectors. 

In a particularly preferred embodiment an entire antenna system according to 
preferred embodiments of the present invention may be mounted behind a frequency 
selective surface (FSS) that is transparent to frequencies used by the lens, but 
absorbent or reflective to other frequencies. This offers a great advantage in terms of 
radar cross section. The reduced physical height of a half Luneburg lens allows a 
more compact antenna installation on a vehicle which simplifies the design of a 
combined radome/FSS. This simplification and the simplification at the junction of the 
FSS and airframe reduces the radar cross-section. If suitably dimensioned and 
arranged, the profile of such a frequency selective screen may also help reduce 
aerodynamic drag, for example when the antenna is mounted upon the fuselage of a 
craft, aircraft or vessel. 

Using a plurality of lenses, each having a number of antenna feed elements, it 
is possible to arrange the feed elements such that they do not block one another. 



4 



Using several electronically switched beams, rather than a single 
mechanically steered beam per lens; a high switching speed can be realised. By 
utilising high-speed microwave switches, such as PIN diode switches, the operating 
speed of a preferred switching network for that switching a signal to an individual 
antenna feed element on a particular lens or part of a lens, is greatly enhanced. A 
high switching speed is vital for a number of applications such as electronic support 
measures (ESM) systems. 

For the avoidance of doubt, it is pointed out that the antenna itself, is 
not an array antenna, although a plurality of lenses and feed elements are employed. 
This is because the antenna may be operated if required with only a single beam 
switched on at any one time. However, if multiple transmit/receivers are connected to 
the multiple feeds, a number of independent radiation pattern beams can be formed 
simultaneously. This allows the antenna to act as a node in a multi-point 
communication network for example. 

Preferred embodiments of the present invention will now be described in more 
detail by way of example only, and with reference to the accompanying drawings of 
which: 

Figure 1 is a diagrammatical cross section of an example of a Luneburg lens, 
operated as part of a receiving multiple beam antenna, and shows regions of varying 
refractive index; 

Figure 2 illustrates array geometry for a hemispherical (virtual source) 
Luneburg lens antenna; 

Figure 3 illustrates a technique for placing antenna feed elements on the 
surface of a spherical dielectric lens in order to avoid blockage of signals by such 
feed elements; 

Figure 4 shows an example of an antenna arrangement comprising four full 
Luneburg lenses and associated feed elements designed to provide hemispherical 
coverage without blockage; 
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1. Figure 5 shows a multiple beam antenna arrangement according to a 
preferred embodiment of the present invention, based upon virtual source 
antennae preferably of the type shown in Figure 2, and designed to provide at 
least full hemispherical coverage without blockage; 

Figure 6 shows a multiple beam antenna arrangement according to a further 
preferred embodiment of the present invention, using a combination of virtual source 
antennae and a full Luneburg lens to provide full hemispherical coverage without 
blockage; 

Figure 7 shows a diagrammatical representation of a binary tree 
switching network of a type suitable for use in selecting and providing an RF signal 
path to antenna feed elements in antenna arrangements according to preferred 
embodiments of the present invention; and 

Figure 8 shows a diagrammatical view of an alternative embodiment of the 
present invention showing a multiple beam antenna assembly according to preferred 
embodiments of the present invention enclosed behind a frequency selective 
surface. 

Known features used within preferred embodiments of the present invention 
will be described firstly by way of background information with reference to figures 1 
to 4. 

Referring firstly to Figure 1, a basic multiple beam antenna is shown based 
upon a Luneburg lens 10. In the example of Figure 1 , a Luneburg lens 10 is shown 
having a stepped index profile to approximate an ideal continuously varying index 
profile, each step being provided by a different concentrically arranged layer of 
dielectric material of a different relative permittivity (e). That portion at the centre of 
the lens has the maximum value with successive layers having monotonically 
decreasing values. The antenna further comprises a number of switchably selectable 
antenna feed elements 11,13 located at points preferably around the focal surface 
12 of the lens 10 (where that focal surface 12 does not coincide with the actual 
surface of the lens 10) that may be linked to one or more transmitters or receivers by 
means of transmission lines (not shown). One antenna feed element 13, in 
particular, when energised, would typically cause a substantially parallel beam of 
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radiation 14 to be emitted from the lens 10, as shown in Figure 1 . Similarly, 
energising other ones of the antenna feed elements 11 would cause radiation to be 
emitted from the lens 10 in other directions, hence providing coverage in various 
directions as required. Furthermore, radiation incident to the antenna would be 
focussed by the lens 10 onto one or other of the antenna feed elements 11,13 
enabling signals to be received upon selecting the appropriate feed element. 

Although a stepped dielectric lens may be preferred to approximate the 
continuously varying dielectric properties of an ideal Luneburg lens 10, it will be clear 
that other types of spherical and part-spherical lenses, such as "constant k" lenses or 
"two-shell" lenses, may be used in preferred embodiments of the present invention to 
focus radiation from a point source into a beam and vice versa. 

Referring to Figure 2, an antenna arrangement known as a "virtual source 
antenna" is shown in which a half-Luneburg or hemispherical Luneburg lens 20 is 
supported on a conducting ground plane 21. One or more antenna feed elements 22 
are provided to inject signals into the lens 20 or to receive signals propagated by the 
lens 20. As illustrated in Figure 2, radiation emerging from the lower flat surface 23 
of the lens 20 is paths 12 are reflected from the ground plane 21 in accordance with 
Snell's law. Snell's law states that the angle of incidence is equal to the angle of 
reflection. For example, as illustrated in Figure 2, an incident ray 24 entering the lens 
20 at an angle (j)| to the ground plane 21 and directed towards the centre of the lens 
20, is reflected by the ground plane 21 in a ray 25 that re-enters the lens 20 at angle 
<t>r (equal to §\) for propagation to the antenna feed 22. As can be seen in Figure 2, 
the presence of the ground plane simulates the use of a full spherical lens in that, 
from the perspective of the antenna feed element 22, an incident wavefront 26 
appears to be coming from the other side of the ground plane 21 as illustrated by 
dashed lines in Figure 2. 

For classical planar arrays, or reflector antennae, the effective vertical 
dimension of the antenna aperture h e ff must be less than h, the maximum allowable 
protrusion of the antenna lens 20 above the ground plane 21 . The same applies for 
antenna installations based on full Luneburg lenses. By comparison, the effective 
vertical dimension of a hemispherical Luneburg lens antenna aperture h e ffcan be 
twice as large as the physical height h. The inherently larger aperture of a 
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hemispherical Luneburg lens 20 results in an antenna gain of twice that of a 
conventional antenna, with the same aperture height h protruding above the ground 
plane 21 . For airborne platforms this means that aerodynamic drag and radar cross 
section contribution can be reduced, as compared with a conventional reflector or 
array antenna of the same effective size. As will be described below in a preferred 
embodiment of the present invention, if the antenna is enclosed by a frequency 
selective radome, radar cross section can be reduced for frequencies outside the 
operation band. 

In preferred embodiments of the present invention, electronically switched 
beams are used to achieve substantially hemispherical coverage. This is achieved 
by controlling and manipulating beams, without individual antenna feed elements 11, 
13, 22 blocking one other. Figure 3 illustrates a technique for arranging antenna feed 
elements so that blockage is avoided. 

Referring to Figure 3, if an antenna feed element is located at the "North Pole" 
(0,0,1) 31 of a Luneburg lens 30 of unit radius, then blockage is avoided provided 
that no antenna feed element is located on the Southern Hemisphere, (assuming 
that the full Luneburg lens aperture is utilised). Similarly, if an antenna feed element 
is located on the equator, e.g. at (1,0,0) 32, then no blockage occurs provided that 
there is no antenna feed element on the hemisphere described by x < 0. Finally, if an 
antenna feed element is located on the equator at (0,1,0) 34, no blockage occurs if 
there is no antenna feed element on the hemisphere described by y<0. The 
boundaries imposed by the no-blockage condition for the three discussed points 31 , 
32, 34 define an octant 35 of a unit sphere, as depicted in Figure 3. If active antenna 
feed elements 36 are placed within this octant 35 only, then no blockage occurs. Full 
hemispherical coverage may therefore be achieved with an antenna comprising four 
full Luneburg lenses each having one octant, as shown in Figure 3, populated by 
antenna feeds elements 36. Figure 4 illustrates such a configuration of Luneburg 
lenses. 

Referring to Figure 4a, four full Luneburg lenses 40 are provided having their 
centres arranged in a square formation 41. Antenna feed elements 42 are located 
within this square area. Each Luneburg lens 40 and its associated antenna feed 
elements 42 contributes one quadrant of a full hemispherical view. The antenna 
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installation of Figure 4a enables the full upper hemisphere to be covered by beams. 
Figure 4b illustrates a plane section A-A through the antenna arrangement of Figure 
4a viewed along the line B-B. 

Antenna installations on air, sea and land platforms are often required to be 
flush mounted to a mounting surface due to drag, Radar Cross Section (RCS) and 
aesthetics. If the antenna is attached to the surface of an aircraft, for example, the 
profile must be sufficiently small to prevent intolerable drag and air stream 
turbulence. In practice, an antenna is usually covered by a radome for 
environmental protection. A low-profile requirement forces medium and high gain 
antennae (>20dBi) to have an approximately rectangular or elliptical radiating 
aperture with a width to height ratio greater than four. The Luneburg lens 
configuration shown in Figure 4 is non-ideal in terms of radar cross section, as the 
height of the antenna installation, above a supporting structure (not shown), is at 
least the full diameter D of a Luneburg lens 40. 

Preferred embodiments of the present invention will now be described with 
reference to the remaining figures 5 to 8. 

Referring firstly to Figure 5a, a preferred antenna arrangement is shown in 
plan view based upon virtual source antennae of a type described above with 
reference to Figure 2, used to provide a multi-beam antenna with hemispherical 
coverage while avoiding blockage by antenna feed elements. Figure 5b provides a 
section view of the arrangement of Figure 5a through the plane A-A, as viewed in the 
direction B-B. In the arrangement of Figure 5, the antenna comprises eight 
hemispherical Luneburg lenses 50, 51. The outer four hemispherical Luneburg 
lenses 50 are mounted on a horizontal ground plane 52, whereas the inner four 
hemispherical Luneburg lenses 51 are mounted on a well-like section of ground 
plane 53 that is inclined at an angle of approximately 45° with respect to the 
horizontal section of ground plane 52. Each of the outer hemispherical Luneburg 
lenses 50 is populated by associated antenna feed elements 54, arranged on a 
rectangular sector measuring approximately 90° in azimuth (as seen in Figure 5a) 
and approximately 45° in elevation (as seen in Figure 5b). For the inner 
hemispherical Luneburg lenses 51, associated antenna feed elements 55 lie on a 
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substantially triangular sector (shown in Figure 5b), measuring 90° in azimuth and 
45° in elevation. 

Compared with the multiple beam antenna installation shown in Figure 4, the 
height of the preferred antenna arrangement shown in Figure 5 extending above the 
mounting surface is reduced to half its value. This means that aerodynamic drag of 
the preferred antenna arrangement installation 40 shown of Figures 5 is greatly 
improved compared with the installation shown in Figure 4. 

Referring to Figures 5c and 5d, an improved antenna arrangement is provided 
in which additional lenses 56 and associated antenna feed elements 58 are 
supported on a ring-sectioned ground plane 57 disposed around the outside of the 
group of lenses 50 and inclined at approximately 45° to the adjacent sections of the 
horizontal ground plane 52 and therefore at approximately 90° to the corresponding 
inner sections of the ground plane 53. An advantage of this preferred arrangement 
is that the field of view is extended beyond a hemispherical view. 

A further preferred embodiment of the present invention will now be described 
with reference to Figure 6. 

Referring to Figure 6, rather than use four inner hemispherical Luneburg 
lenses, such as the inner lenses 51 shown in Figure 5 supported in a well-like portion 
of ground plane 53 with their associated triangular sectors of antenna feed elements 
55, an alternative embodiment of the antenna in Figure 5 is achieved, without 
causing blockage, by deploying a single spherical Luneburg lens 60, with an 
associated octant arrangement of antenna feed elements 62, within a well-like region 
61 of the antenna. Such an arrangement is depicted in Figure 6a in plan view, and 
in Figure 6b in section through the plane A-A as viewed in the direction B-B. In the 
preferred embodiment of Figure 6, fewer Luneburg lenses are required than in the 
arrangement of Figure 5a and 5b while offering the same advantages of low profile 
and a low radar cross section. 

In the preferred antenna arrangements of the present invention, antenna feed 
elements 54, 55, 58, 62 are switchably selectable to provide beam coverage in 
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different directions. A preferred switching technique will now be described with 
reference to Figure 7. 

1. Referring to Figure 7, a typical switching network 70 is shown comprising 
a plurality of switches 71 , 72, 73 arranged in a binary tree. A top layer of switches 
73 is connected to antenna feed elements 54, 55, 58, 62. As is typical in a binary 
tree arrangement, each layer of switches 72, 73 is fed by a layer below having at 
most half as many switches. An input/output 74 to the lowest layer of the network 
70 is connected to a transmitter (not shown) or receiver (not shown), respectively. 
The number of switches 71 , 72, 73 required for a binary switching network 70 
feeding N antenna feed elements 54, 55, 58, 62 is: 

1 + 2 + 4 +....+ N/2 = N-1 

The complexity of the switching network 70 is determined by the required gain 
of the multiple beam antenna. Because a high gain translates into a large number of 
antenna feed elements 54, 55, 58, 62, which itself translates into a large number of 
switches 71 , 72, 73, the higher the gain, the greater is the requirement for switches. 
Each switch 71, 72, 73 requires a radio frequency (RF) path and a logic circuit (not 
shown in Figure 7). An RF path may be selected from a particular antenna feed 
element 54, 55, 58, 62 to a transmitter/receiver via the input/output 74 of the network 
70 by means of a suitable combination of bias voltages applied to switch logic 
circuits, as is well known in the art. 

If multi-throw switches (not shown) rather than double-throw switches 71 , 72, 
73 are used to form a switching network suitable for use in preferred embodiments of 
the present invention, then the corresponding switching network tree is not a binary 
tree and fewer switches and switching layers may be required to achieve a required 
degree of antenna feed element selection. 

A further preferred embodiment of the present invention will now be described 
with reference to Figure 8. 

Referring to Figure 8, an antenna arrangement according to any one of the 
preferred embodiments of the present invention described above, although in this 
example that described above with reference to Figures 5a and 5b, may be enclosed 
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by a frequency-selective surface 80, operable to permit signals used by the antenna 
to pass through the surface 80 and to either reflect or absorb other signals. The 
surface 80 may serve additionally as a protective and aerodynamically low-drag 
radome for preferred embodiments of the antenna. 

It will be appreciated that the invention described herein has a number of 
possible applications, for example on different types of platforms (ship, aircraft and 
land vehicle). A low profile, for example to reduce aerodynamic drag, is a crucial 
requirement for many of these systems and the invention offers this as well as other 
advantages over existing wide-angle scanning antennae. 

It will be appreciated that variation may be made to the embodiments of the 
invention described herein without departing form the scope of the invention. 
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